Aneurysmal subarachnoid hemorrhage (aSAH) is a medical emergency that accounts for 5% of all stroke cases. Individuals affected are typically in the prime of their lives (mean age 50 years). Approximately 12% of patients die before receiving medical attention, 33% within 48 h and 50% within 30 days of aSAH. Of the survivors 50% suffer from permanent disability with an estimated lifetime cost more than double that of an ischemic stroke. Traditionally, spasm that develops in large cerebral arteries 3-7 days after aneurysm rupture is considered the most important determinant of brain injury and outcome after aSAH. However, recent studies show that prevention of delayed vasospasm does not improve outcome in aSAH patients. This finding has finally brought in focus the influence of early brain injury on outcome of aSAH. A substantial amount of evidence indicates that brain injury begins at the aneurysm rupture, evolves with time and plays an important role in patients' outcome. In this manuscript we review early brain injury after aSAH. Due to the early nature, most of the information on this injury comes from animals and few only from autopsy of patients who died within days after aSAH. Consequently, we began with a review of animal models of early brain injury, next we review the mechanisms of brain injury according to the sequence of their temporal appearance and finally we discuss the failure of clinical translation of therapies successful in animal models of aSAH.
ß 2012 Elsevier Ltd. All rights reserved.
Abbreviations: aSAH, aneurysmal subarachnoid hemorrhage; DIND, delayed ischemic neurological deficits; ICP, intracranial pressure; CPP, cerebral perfusion pressure; CBF, cerebral blood flow; CSD, cortical spreading depolarization; NMDA, N-methyl-D-aspartate; CSWS, cerebral salt-wasting syndrome; SIADH, secretion of anti-diuretic hormone; MRI, magnetic resonance imaging; DWI, diffusion weight imaging; ADC, apparent diffusion coefficient; BID, Bcl-2 interacting domain; tBID, truncated Bcl-2 interacting domain; TNFR, tumor necrosis factor receptor; FADD, Fas-associated death domain protein; NO, nitric oxide; NOS, nitric oxide synthase; eNOS, endothelial nitric oxide synthase; CSF, cerebral spinal fluid; ET-1, endothelin-1; ROS, oxygen free radicals; BBB, blood-brain barrier; CRP, C-reactive protein; TNF-a, tumor necrosis factor; MMP-2 and 9, matrix metalloproteinases-2 and 9; GCS, Glasgow comma scale; WFNS, World Federation of Neurological Surgeons; cGMP, cyclic guanosine 3 0 ,5 0 -monophosphate.
